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M 12 

MKMS, ^R^r^-£#, ^u|^- f 1,141*^, DRIE 

s= 6 13$- ^ ?! *UHl°li 4 ft 7|# a* ^!4 H o v V!* *I 4 SfiV>l -S-3#^.i#44. 

i= H 5= 17£- t L tt^sl 4ft ^*H°11 4ft 71 vl ?! l S&r7l -^ttv!iiH 0 l4. 

10, 50, 90 ; 7]v!l2. Id, 16, 56, 66, 96 ; S.£iill4^Mf 
52, 62. 72. 92 ; H 3*1 £-54. 64, 74, 94 ; 

£ 7l# ftnf ^!4 H o V ^°l] #.2.i2.*1. M4 #4|«Ml-c- 34$ MEMS (Micro Klocl.ro Mechanical System) 

xii^oj) oio] #sl*\ m:<i\ 71* ft* *1 Wfl°l tttt jjol4. 

MEMSfc :-i £17)4 ^ 4°]ri*4*W*i <r VleMel «|tf«t- + Kfc 

£. ©l^oia *]^3H; SiiLi^i, uv^:^ xfl^ofl AM^fe rtlliiH (batch type) 7]£-g- Aj-g- 

*M ^7H 51 7Ml^ -7-££-*l 3*3 44h* .+.4 9i4t <M^$& »«4. 

$41 MRMSxr ,*-U<>H. "l-SMW fcii. ft-g:*!^ '8*!^*! °1]M4 *l^°l4b *ltf4 33 ^1 ^l^H 

7U at:- ^ ah o|] &<i"l. n*l tlfl* ^1*1 aW***! £ fltt<8«W 343 flei^|#ft 4**.^ 

34$ MEMSb u £ ^.ft><J o\m\S. n *\]*\ 7l#£ Ml-?- *?H<& i^yf s£| jl $14. 

^.e1^7i¥!-2- vt* *!4*H: 7l-£°l] tj«n 4°<f# Si-?^ s!«8sM- 0 .:p. Si4. 



*1 •»). MKMSoil^iP] ft^f AJ^ofl tflbl-ol-;? t'lvf MIT(Massachusctts Institute of Technology) 2] E^l 

1995Vd °|aJ)*- 71* ^n7|-t<fl ocj^i ^-14- V.V1£4<>1 #4. ^h^l (Sensors) 2] 2001V! 

4^ .*°Ht- MI r°l Kavi Khanna^l S°l V^Jl'^ fcS - Microfabricat.ion Protocols for Deep Reactive Ion Etchin 
g and Wafer Level lionding" ^ Mi l ^ 7)* ft* ^7\t<^i 2\^?A } 6^'Z' V^A] Sl4. 
MIT.^1 Luc. C. Frechette*! 2000V1 6t! SoUd- Stale Sensor and Actuator Workshop^ ^1 ^ v ^£t> " I) 
emonst ration of a Microfabricated High Speed Turbin Supported on Gas Hearings" fcr 7lYl V!"o' ^^l"7i 

ii>^) MHMS.^Sl M^^rJ 1 - S14. H*:*K Amil Mehra^l 7f°l Journal of Mirroelectromeclianical Syste 

ins (Vol.9. N0.4. December 2000) °H V!*E.$; fc* " A Six -Wafer Combustion System for a Silicon Micro Ca 
s Turbine Kngirie' <*\^ nfo|.=l£ 7^- eJl»Hs| ^-8-°H M^ tol Sl4. 
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il 1 tl^l i£ r )fe . #m)s| MI-MS 4-8-4fe 7l# A ]4 1 i> v, a. 4£4 ^x) ^!A|(Sensors)2l 2001V'! 1*1 

S.°llrr Ml Ravi Khanna*l f °l VVILIV " Microfabi ication Protocols for Deep Reactive Ion Inching a 
nd Wafer-Level Bonding" °l| 44Sr4°1 XVW4. 

l-S- #-*.S r \! M2\^e>\cy *v o|]o l3! | 7 )vj.( 10 ) Aj-o]) ?.SLtS|x|A£^-(l2)^- 51 «y *>• 4ii*ll >I|2:S^ 0 II A 1 

?ivv*ia.?. 4-8-4:7 ^4-^ ^ &!4 v -?^<hi 7i4-°^ >n v 4^ 2£m.uiix)^h «S4j#4. 

SL 2£ SUtSh! A o^l *|>-J I >41fl-£- *144.-*v=li2. 4°1 47l 7l¥h(i0)-«-l i£'ii "dVii- ^^^^^ 7)4 

ii 3ft *$-«r<H A o V 7l el^.^-.'S^dOa)^ tt#*l?l7l fl*H 4?1 7l*(l())9l iil^<g'>!(10a)°l 

It\14 3*H} (handling) SN^I (20)fc 3E£«0*|A£*(M)* 'fl^'M 34 A I?!4. «*HJ °1 »l (20) tr -tjel 

e- 9:tt =] -y^*!4. 



#714 £°) 7|^(io) flaH 1 «tH8 ?fl°l3l(20)M- 4-8-*K:- °H>::-. A !4?i»HH <4 

4?3* 'rfl'tt «0°1»1 ±14¥W»1 %m ^<HM4 A „H| s«3tv* £4*4 34 

<r-«*r* 34 ?H°)s| ?14°fl flM^te Wl^l *1*B A 1 4^1 AflM*l 141^ -^.hM sjoi 

]^S] 44?H) Qj^6j. £ ES ujz^fl 1^-7)^- 5H, uV«|: olnfl .*)? r ^H^S] 474 tff-SW £- 0 l 

A !4-Ir3j *4°fl *#^?} 4*H9>>M.?. ¥ A !*W 44«>H«- Atf^U #^-*4£- £4*1/1711 $7] «l 
U I3- fc**rte A !4i^°14 4^14-V. «it«y «WJfl(20)°( al«| HftvWV *14$»Wii *! 
* 4*1 l v =r &4. 



714(10)4 SHtHJ »H°lsi(20)-£- ?!4 A 1*! 41444 %y\ cl^- < 8^(10a)ol ^-SV! Vi4 ^tW: 7l*(l())Sl 
E l d -*<fl itteiflxl^S'tdG)^- Al^J ^ ^^iV 4Sr £°1 !c* ^ s r<flSV^ #y) ii\ 4 + <8<», (10*)% 

7]^(t0)* A fh7] cl^.^.<S^(l0a)4^1 -5-K^ tI H+ ^nsH 7l^(l0)i- ?1 L 1 . 



0)^ ^M7)-Tl. SE^iflAfl^tM, 16)£- i.K^SH »l7i?VuK 

:uvm, -iV7|s). fe v fr ^efls] MIX o] ^.=. B< j ?8o)s|^ ^-8-sf°i 7lvh£- V}-^l7l^t 7lfr,°- 4*^ ftaifltrol Xi4. 

Efl^l^.i?. H'd (Resist, burning) «l' l 3*}4. ^. *I4 «H°l3| 7|#(H))4 ^1-S- a 0 ' ?fl«lifi(20) - 5 ? : ..'?. 

4^)^.H^(H)«1 #4^-»> •X^oil^l 7|??.^- ^5r^ **«HA-y-fc ?! A « V ^ 71-^4. 

v?-^. fl^lVl w^^lx] (wafer breakage) 7> ^^4. ^. K 4 2| "A" ^W- 0 !*! .U<*l^lrr 44 <M. A !4ti ?Jl°lfl 

7m(io)ol| tim A !4?l 4»W°fl 0 l. B .^ -ffivt «l°l3l(20)^ 3£<a4 -M-4^4 #«f/--S£>l 4 A 1 

A.H^*1 <H1 S-il (structure crosion)°l HMQty. «f. -M^;*°14 °1^°1?J ?fl°l^(20)^ •H.^.E 

(10)P-1 Y?17} V-4^b -So] Tf<K*| ij^sjoi^i;., 3!.°. -4v^^ 

•S^. <S!I-^ ?Jlo|3|(2())# ^44rr cfl ^ A ]?_H ±A^4. 9B 0 1*! (20)¥ <a-447| ^afl^lfe- 5.EiiJ]x|An ( 
H) 4^E--2-4-8-4^45 : . 7]^(io)4 ^^■'g «l«>is|(2())?vsi ^Jst^AS ^! ft H =r 44 *l<i) 
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$a®m.-4*j%-z- *nmn m #s>.&*\. **h! a*oi4-t- -9-## *^°i sw #5=311 

vngsi u)-p. ±f*]-p r , -g^iiLii?]- $-Vv c «j flM^ tHHI -a*lE£7> ^n-n- >M~8 ftp.*.*!. #4*^ 
*l) ^4/>^ei vfr* "JalfiJ-te «Ms| 7]*£ ^4*1^ ^ SU:- ?m *S- aWHft 4l#ai 

41- «'S9| s-cHt ^yl*!.v..v./> fl°l*l Ol-tH ifivl^j?..v.y} ft& #-§-*M «*1 

aj4a) oif r! >| ;s.;;-o. <y^8).yii fl-x|S|5L^ ?! t- Stivl ■*]* *IMs) 7l*s] *>'-»! °] sil-iflslt- 3HV '£*1^ t- S!i 
fc 7|* *Waft 4l-?SRt 4 5U4. 

vb'gel £F.c+€- ^-*1£-. 7l* A !4-£*d°l 7|*g- 41*1* *t.]* WW 4l7|sM o 1 ^ 

A l*-& ***W *r Sib 7l* *l*Wfift 4lWv t|| 

*«S*1 ?# £ 4-8- 

#7] **«J£ft *Mi*M fl* # VV'S^ °J 4 if- 7|* iWtftlfc. 7l*°] 41 #°H 4^1 'of- 

*?!]; #7] ^vol] «!#4^ *4]; #7l 4| 1 Vl* *dW:- #7l 7|*2] 412 \1 <JW ^W^H *!)<?!•£- 

94«tb *7fl 5! #7| *i*M/sa. 41*M-a=im o-}o : ] a 0 > 7 | 7 )*-s- fMS ff.tfflck 

#7] 7l*S] »|1 \4 #o|] fc* ol^oj, a o V 7 ] ^ o^ol) e^o^-g. ^^Sl-t- *?1|£- Cj *r 

5U4. 

ftfl. 4» v 7) i'l-S- tMl -S-71 *]4 D V^- r i ^I7l*l>:- ?+7il : ^71 u 1 ^-** tMl 

#71 7|¥l^r -tlEif^ ft^^l 7|#Ol»l. #7| l>lB|^£- «l+HHH!l4**»H. A o V 7| 4 0*1 **7fl I ; 



v\h±<$o]z a^\r tMi ; #7i ftw^'y.oi ^A^j Aj. 7 | 7 | ¥ io| .,m a o voii ^i, Him^ vmu #7i 

^11 H3l'o- A o Vft H 411 i>-^o£ ^#4t- Vh?ll; #71 'iVcflsl^#7l yl^sl ^2 ?! #<H1 #7l Hi *d°H ^#3 

iM^i<8^<>ii tfl-s-sm <a^sj 7i«jwt; 4ii *i*h»h^=i *n«fi-§- ^^4t- v+7ii 5J #71 4i] 

"I.-*--*-! a H>t!-ft -il^h'K^-a.!?. sH #7l 71** vl-S- ^^^bj-fc- tMiif ^£'#?!' u l-. 



#71 7l*S) 4)1 "HI elx8.A<g«l^ ^-^btt- V+7llfc, #7| 71*2] *)ll AVo)] ^ 2 #?M^H 3*H^-»- ^^bfc *?11 

; #71 x\\2 *\*W*.=i v\\#Z ^I'Mi-ns. hH #7i 71*2] <M-sf^ *!4^vr *»ll ^ #7| 412 #n"l^./i 
4]7lsi-; : - .?.*SH, #7| 412 *J»KAa ^fi-S- ?F.£ei]^l^£ sflflo^M ff.fe- 412 u^t ^ 412 ^^t°l ^ 
f* -Trfttt ol^<H?! =r 

*'d. #71 411 *Y4"\±R ifl^il .vDp.N^.^-P. ^"f!<>]7M ail:- ^|3 H^]?- 51 413 -L>-^-°l H-?- 0 !*! 

#7| 71** vl-f- 4|Zt«}b V+Til ol-f-ollb #71 VlTflofl 9] 4 V.ft^t" #7| X|] 1 "1^^-^ S\ 

■4%^ ^#% v =r 5ti4. 
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ah«|a|^ Aj. 7) *!?Wi=i «11<?1»1 43 « 4?1 41 Wfr-ft 4W:- 51 4>) 4l 4 

7|]3 £ 4?1 AH uW^ft 4 ?1 t*J4 

47] 7]#& ttXfe DKIKOJeop Reaction Ion I- telling) VI °fl 'r^Vr *W w H!*!Sr4 A o v 'l A 

<WVt- £44 a) tf*s|fc •*?•-&•?.- *7l «W.<WH J£*M£* £ c f 

m 91^, $*hJ ?flo|K| uflAio,) g^n^si- ^y)jfi.«p„'.: £ ^^<>1 •? ! Tt ^rfc-fr 4-8-sM 4#<% ^Hf^ 
#44 7lvl»l «-S4& S.?V*! 1"- 4-°-4 ?l ?g s> 4*1^ r &7| itfl-a.<>l| S^.oV *!4-i l 

=r*^ '"r Sii"l. ^47VA«H1 '?r«4 <r 5ft- 0 -"l. &V.4*.* r 3| 42-2^1^] 4-8- 

A-s^r °l-8-4 t ^^l k)1-M-«1] 4£-Sr*U *^a|^ vVVl?! T 44. 

°|8F, 4 "ft^l 44*1$ -iMHtt 0 ! 4SM 34$ HV!4& ft&SW 4*1*1 #'344. 



4fr4 A!^,- -gAH4& a\\£\yys\ ufo »f| eflia. tf!*$§-H 4-°-4 £■ 4?14 «r*M*1 '1144 

$43*? 3)4 omcf. 4 -t]^l<=fl w 4<?]44a1 >8#*! 0 J *1*!& 7H! 444 4 t>'84 M4 ?}444 41'g4 
?! ?I*H<M 43-514 3W4. 14- Vl^sl £.aH4 ^<gs r t- ."?-\14 5tioW, %.o\\.\ <i^-9] if4w 'SH^el 

^f.- ^511 i'l ^tlol^l 3} <••.*., .VdtfiJl V-Sfc *1^44. HI?}, o) 1 ?} ^ °1 ^ S-T7 lYl-Sl " 

5i4.f- 7Mt?l 7^. -y-y) «i ^ol ^71 uHi ff.fc 7l*»l ^ V r-V- fljl. 3 *V«>H a|3»l 



< *H1 4J.Al<=H > 

5?. r, i«1 .v. i3f. ^ wH^ai *|j ^AHofl 4^. 7Hfl- ^-^ ^n u n 1 - , fl-f\- m*W ?l# -A^t^-V-i- 6 !^ 41 *J^H 

5= 6^- ?K%oV?!, 71^1(50) -8-41 ^15*1^(52) ^ ^-*(54)«1 <8^^<H Si- rt ."1. ff^«-(S4) *l*M&.=i "'KU 
5(5)0] >j|A. i+uV^|u>. i»u> ^afl*! on tS'g&l-?!. ^^l 71^(50)^- *V A 1. ^^^P-?- ft l^°1?! ^ 

-V.sil AJ-^-^- ^ «i i>l5*l^(52)" "^ A 0 'S1-7| 1I Z S0 4 : H 2 0 2 4 : lii V! SPM(Sul(iirl<: Peroxide 

Mixture) -g-^Ai?. ^ 120 T:<H]Ai #^*| S^, ££tl<H| ^all VlSAl?!^. ^ ^ A ] °11 "HI A i A J-7| 7]¥r(50)& 

450 nmS] '-tm HtKi A^.SVSlc:>. 

ol'HAi. a 0 v 7 | xpjij! 71^(50) <}HI «]3l*(r,2). "ilfl- 5-oi olW-Selffcsio 2 )*^ #4^ D r 44 ftW'* **fr«fl 
(PliCVD)°H e]*& 1000 A^H2| 7-^7} SI.V.-H ^^^4. A o v 7l ftlAV^-iliil^fr i »1 ^ A l A **r<>\A ^°\\ 
«>1*VSl-^e)^t «g^Sr7l *l.ofl 7ltK50)!>-l S'.4f] ^Hfln 4«4j4<H SicM- 1 ?- ^ ^t*!<H| £-4*W 
.^«- .AX7V 7>-'o-5H. ?floisi)a cV#as ?!4SM 34« MKMS Y.^g. 44?> A l 

ifS MA^P-MA)."?. .?-^?V s.^.g. 5j-.; : -cf JA »l5H#(52)-2-i2A|b 47l o|AV^B]^*oll tV^ji?] 

4-2- <>r«-M, ^- R V^slte ?r 4"o l ?v •? Si4. 

oHA). 47] H)S|^(52) 4°H ^##(54). ^tl-y- ^o|. tt^nlfr** 7l4*4','l (PVD)ol] siafl 0} 3000 A =8 

>cS] -7^5- ^#4. ^7] ..]4.-.^iL a o v 7 | ^ x| 7)^1^ (brill lo) e|^^e){|t^ A n Vofl ^.^Jg 

olAV-4Ajiq<f-#P] ^xl.o. i|«J. tt olou^, §AH Jf-tSV <3?}iLii 5| ti7|^.Jr..V.tf 4v:4. .IBJH-. 47l i>^*(5 



»I°|a|. -%A ^#^(54) 4°fl *14"K- A '-H 311^(56). S-«H, 2£feefl^l^-'l aflfi-fr V-4 ^ ^4*^°fl elafl ^Aj 
*>4. M4 ¥42|i?.> ! . 471 S^f-(54) 4°fl M«8ft7l .?.EL^ A l^m^?l ?143& * 
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A o VA ]^l7] ?|«| HMI)S(HexaMeUiylDiSilizano) a- 5»H]«M. n Af-g-Sfo] S.&$°] AZ1512?] S-SiSI 

Of 1.2 /im sgsaj -V-^llil «S-8*J1, *t 95 T:s ef 3()M- tftt *el«M =UI J rt S bakc)^- 



E-iMflr 4**M 70* *«V ic*?J V-&-JV «#8M 6 MM 7-M- tfiVL-r* SU^fi- <t$'& 1 

0-& A£ 110 V. fl^ir AM*i ^ 30£ 3* "1HH(Post liakc)*l*l ^4 C 1" 



.V. 7* fl-afthM ^\ *1*M^=I *Hl(56)* *\*M*Hi>L *M My) ^±-%-(M) t ---o| ft* "Mi"** ^ 
4n)-o.| ^]/ieVuK <?hV-Hn-^- flft ^zMHlfi- H 3 P0 4 : HN0 3 : CI1 3 COOII : 1X1 water -16:1:1: 2ft *V*«1- 
Siiln], Of 40 CollAl 3 i«x] 4 ft ^oj. t-<*fluK ol^Al, |||; «.«|<H| ^1*3 (dipping) "l*l*(52)ft 

fluf 4«M, w)s]»(52) £ ^#£(54)J9L£ °1^<>]*! 7)#(50) ^^t-l- *}'4»\±=l 



^ 8v; #.*8?rS. .V. 7ol| -8-71 »J2]#(52) 3 tf**(54)<Jji ^K^fAii s)«l& *]*tv}*-H& A r # 

*H ^£ 7|Y!-(50)# -gi^r ^n^KK ^H v V-!-Rr .V.tf #3 (Bosch Process) °|i+uiii U ^lv DRIE(Dee 
p Reaction Ion Klcliing)^" 4*SH T^rSl^. JiSl ^fl-Mfc A.A.Ayon*] tHI ^dfl journal of Th 

e Electrochemical Society( 146(1), 339 349, 1999)°1] feHi; " Catheterization of a Time Multiplex 

ed Inductively Coupled Plasma Ktcher" °fl ^v^l ^lM^M u *M]wV *S l g£ ^f^K & -a*M°Mfc 

gaM ^i^Al^V/nr^^n] *\) y| a] e] ^ A] *M ^ 5/3/6(^.)^ ^>^t ^^-^tiSr^Al t «Pr5Sil^ , *!43<H 
^1^=1 ^ll UlA|^^^(50a)s| ?1^]7> Of 250 /mi ^il7> aJa^c^ 



«]o\A\ t H3 |> 0yi . HN0 3 : CI I 3 COOII : D.l water - 16 : 1 : 1 : 2 4-8 -SH tt-r n Mr ii l ^*(54)-{\- 

60 ^1^1 90-M- tftf <V A !^°I ^1)7-1 b-fiH, HP ^-^ -^-oilAi olAV§f^^M u|ii|^.(52) £- >H7l?VuK 4^-a], £ 8«l]Ai ^a] 
u r 2f tfo] QJ uV^o) Al^.^oll ^fl| 7l^P] *V JTJ^ofl ^1, El^]A^«>] (50a) r>l *jA^.} 7]^(50)^1 

ie 9^- 4J-?.«r^, ?!vr*> ul-Sf fto| H 2 S0 4 : H 2 0 2 - 4 : 15. ^ SPM >l|l eM^<3 (f)0a)<>l ^^-fl 7|Y! 

(S0)-& /^j-fi. b-fjl, ^^a|^u>, ol^Al i a o v 7) ^ 1 e]^A:^«>i(50a)^l }£^! ^<H] "1^^(62). o])^ ^y- 

o] TKOS W*ft ftBfiinf 7 d^1 »*M-» (PECVD)^l -°-iafl Of 5000 A=Jj5= Sj T-^7f ^il-^- ^>V!^4. 

a1, '^^(G2) a 0 Vo]] -;,^f-((>4), ^lit 5^1. ttMifSfi- ^-^^ ^l^^VKPVI))^] <?la}] ov 30 00 A ^il^l 

S 10* ^^-^M A o V 7| ^1 i2j/|/:<g«?(5(la)^ ^Ajs] irniQ) Hj-^ttj 4 V 0 || ^5^^(72), ^5- ^<>] TKOS *M>-£ 
S^ D > ^^r ^hVKPKCVI))^ OLf 1000 A^.V.Pl H-nVA °1^Al t A rt v 7) u]5l^(72) 

A rt H1 ^^r#(74), ^]-n- tt^"!*^* 7l^-^ti(PVD)< i l| m\ Of 3000 A ^IC'M «^«|uK 



0 1<Ha). 5- 6^]a| Ai»g«v yH a o v 7) i>^-/>-(74) Aj-oj Ai^^.f^ sfl£(6(>). ^ltf S^l. >4!^* -Si 

^ S ^^^^^ ^Aj^u}. n a o V^*V AjajP. v g.o. ^yfo| Ajtrf^i-cayl uj^ol] a| 7 )A-l^ jf[i^V} m 

A o v 7] ^^^(74) A o Vo fl - 5 £MilIl ^l^i JS.-& .^^^71 HMDS(IIexaMethylI)iSilizane) ft- At^J <*»|. ."i /t^ /rfE^ 

^ AJ--8 SV^ ££WAK.tt "MflJl. 5.^<>!]Ai ?f£]i>l)ol£l(Pre hake) Mfi- 4 s « ft 4. ^]^|A|. n| Aj^s} iifl^ 

* ^-fc Af^ bfoj ^^^4- ^ai§v4. o)o|Ai t ^Aj-oij.o. Af^.-aH .v.^ ^aj-sj.^ ^>i5>ji. 

-tflft -?*. A* ^!^.Al?! AM^ i£^HHflo|a(Post hakc)A]^ *]arK&H sfl#(66)£- «jAj 
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S 11 a* &£*K1 ^n°fAa 2Hl(66)& *]*M+3i& «M i>-*-£(74). o?]4f QNf-nHr^-g. £>i 
tt^nMf^fi flft ^14-8 *d€# u r*r «M rl 3 PO„ : HN0 3 : CH 3 CO()H : D.I water 16 : 
1:1: 2{V *V8-ft*fl4. °M*I. HF -g-^l ^1^8 (dipping)^] ^] .v. ft*! »|S|£-(72)£ 4'S]®*1 o^a), 

-7-o)>q 7l^-(50) ^n» ! K y -a }f Ui°l 



124f H^^(72) 51 i^-(74)Atf. *]-W4\ *Wvh*H Jflftft *]^K^-=15. *l-8-*H ^1 V! (5 

0)& £i**u> 2*] tffctt » r S r lM. M 3 S3 (Bosch Process)*^!! £islte l)RIK(l)eop 

Reaction Ion Etching) Vi S" *1"8 -b*r<*l -t^r SJ^I, & ^!*HH *lt" £sM fl^jM 7 !/ nj-^ii) n| x)| /] A] ?1/A] <•} 

^"1, *i]2 iil^A^^Ksob)^ si 0 !?!- ^ l 200 m *1<H ^lYh (50) <>1 yi-^ ^o|?luK 



°l°l A i. *1)2 ^^l^^^CGOb) ^ a^Mtr »1 *H f (62) si 'U 3 ?-/-]- v.ftSM. *U : 1«U *!*l-SM *l|/|*H :i 
*1 S#*(64)4| l£ l d^l *Vc}. 

°M*1. H 3 P0 4 : HN0 3 : C1I 3 COOII : D.I water - 16 : 1 : 1 : 2 tt* u l* ^r*(64. 7 

4)-§- *MSM. HF ui*i£( 6 2. 72)& 

nfrfiH, il 13°M 4<4 £o] V- tMl^l S1*| y)&2\ 4\ i^l^-<S*!(50 a ) 53 42 ^1]A<JJ<*(50 

b)°l A].?. <a#*]o| g^g >l^(50)o] 

< *H2 > 

H 14 V- 17-2- 44- Vi'js! =Hl2 *W«H # l S^7l fl?V -S^vHIE^IcK 42 ^.*H1 

b ^lY!-g- °J <LMHI ^nvhili^^l ##*]?!£ vl*V SJojuK aUHMW*)- ^<H*1 jj o. ;jLOl | ^ A j. 

I4ir ^bfVl. vlvb(90) ^>H] ^-(92) « iK#(94)-R- ^1 ^l*(90)-2- ^11- -Sisltf t^.^ 

o..?. o] = o|^] uVilAj] 4o]]f|« a>4« ^ Ai^-°1, ^l^^(92)-S- i^b-M H 2 S0 4 : H 2 () 2 .: 4 : IS ¥i SPM * 

^p.s?. ^]^.r>. -5J.JI ^^i^iuK oj^A], 433 7|*!(90) -S-ofl 1*1311^(92), 5-^ °Hl-sK]elff (SiO z ) 
v-a- 7 <m 3**h7i-s- ^^^(Pi'CVi)) 0 !] si8j of iooo Aqs.su w\ ^^^l °)^} t 

*(92) ^Hl i;^*(94), «(-a- l k Vi f- LJ l^*^ RBl«J 7|^ ? -^rtj ( |>vD)ol] 3000 A ^5=.55| ^/^ii ^Aj 

-V, 15* a-^t,^ Aj- 7 | n]2]^(92) 51 ^^ (94)^1 ij^^] Vb^l! A o v <Hl *in°K*H =i|«(96). -^1. ^^?!- 

.S=- 163- A o v 7l *|3rKA/i ^1) id (96) a- ^^h'K^i ^ v ^l ^)¥^(90) S- 4 V 7| i>] 3i] %- (92) o] Li-J^ ufl 7/]- 

*1 *\^<*\ a^S (90a)-& ^^^ly^K ^]^ H o v VJ^ DR1EVI S* -rH^SUcK rt J Vbll^l 

6 H^1. S-^S (90a)^ «K-Hi v.^3 H3l*(f)2)Sl ?!V-^ ^4»M 4>lSr^l ^V-^l w L ^^(94) 

^ }t^°l -V-^^7ll t^K A o V 7l ^feiiflAl^.c Aj^w^rx *ma(9(>)-§- ^Jl^Sfol 4*\*\ H 3 PO,: 

MN0 3 : CH3COOII : D.I water - 16 : 1 : 1 : 2 ^!4^ &^*oH ^"1^ ^^r#(94)^ ^TlSj-uJ, HF -8 ^ 
ofl Ai a}^ SJ. fc. h] 3| % (92) 4 /l £4. 
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44*1. !i= 17«W v: Al ^ «W fto| °J *!*h£3H 51*1 7ltf(90H 3#£-(90a)S- #fc 7]¥H90)°1 

4. 

°1-5MM 4l *UM 'il 42 -S^Hfe 3^ 4*|-*Kr iHl 4 7^} flM*|4| 7|# ±] 

4 y)iM tt« £*l*Uh & H ^-& A cM *U1«H P )a )j ft^sqxl ^p.u| t ^. H e v^p] 0^7} n|^]i- \»]flMl->lM #34 

°n 4#aMi <r- #^44. 

Y^Hilil^, all *!*HHM, 11 8<H| Jr.Al¥l 41 CM 4**3*1 (5() a ) ft W#y\ i= 7°ll 4*1^(52) l ^ 

(54)^1 ^^-V-ss. tf. *i 44^=1 4**rSi4Sh rt Hl $!tt oW ji -Md<? 7|#(50)4 

<fl«14 a fc $ 4## 1^4 ±14"4*=i 4<a, 4*f £4 vttjai ?7.h\Bil4^H *M SF.fc ^4*/^§r#4 *!#*]4 
*S^¥! 444^1 4 Si* 4-8-^ v t- 544. 

3 : -«- p 42 i! A H°|^b V!?I-(9()a) & ^&*r7l 4?V 444*-=l 4^(96)* V+<£]4 \ f .£.lH14^J= 44* 4-8*r°jl 
*Wh 5= 74 514£ 4^(52) 55 i^-(54)°] *!#-7i-sL « *! 44^=1 44* A r *ft}44 #3. 

^0] ^aj^ ^.j?iM^/,a 4#£ AVfl.fi; -t- SA4. 

aivh il- -M*Mft4*li:- H]4*ft 4*m*!4fHK f^* tt*4ir*ft 4-8-a r $x|vv, 44 *HJ44 csfji 4°*^ 
51 -i 1***4 fl^^joi ^r?! 4°J S1 » RitffcS- .*.ttfiM Affl.-o) -t- jiftfr tf*o]4. 



vRi, 4i ^44 £ 42 *!4444it 71^01 y j^. Ai^ofl ^.o. <=_-,, ^efft] .v.A]jq.sv^ *l'3aV2i4<zh 34-?J mem 
S ¥3*44x7 *J^!u]b zj- $|loljfl yl^nVcV ri MEMS4 4*4 44 4 < ## -72:-g- SJc* n i£^4 4<a-5* 
#tt 4. 444, 4 4*i 444 4¥h& #^$4 Sr-V^M tf°J# *fl«AJ?. T»-?-iq>l| si-g: r Si^, ?n 

7l*sl 4*^'d°l «7«p1 t-iii <^11- g-o|, -^^ 9Joi^fi] ^x] ^-o. 



3*ffl MKMS Y^.oll rfl^ ^j^MIToll -V)-^*! "1^-Cf -«-&| 45.932,940.^011 -*^|*| ?N 

5 H Si-°-^l. --7. ^.s-oj to«v 7i| a] iflfl.^- .u tg^Aiai <y^j£A| a|/]A| 7^11 «j-8-#uV. 

^4* 43^HS-°lMlb t a-*?--&<Hl tnsj-ocinj HAi-o-H *!vg 4 oj ^n> t 3^o) MEMS-1- ¥^)s>^f «!• 
lvsi sm^HI ^lw^l ^l^vflpl ^f|4fi ?jo]3i| v+^iL 4#o|| ajr^vt- flloisi^-n- *i>3 

^ hmh^i ^ 333, aj^i^^o] ^^5] 3^ MKMSM -7^-oVb 2|"'S-^ M°l«lfr-& ^^§1- SPM^l^^ rg 
n|if KCA^Hl Sl«H 7l|V^-l RCA ^1^^(NI! 4 0H : H,0 2 : D.I water -1:1: 5)<>11 9|a| *ftal ^e} 
°1t-H aNl .".el il-^j (pie -bonding) ^ & ^, if|4^flfl^ olvj^sv^ ^^\^|Ai il^r>] bt-o] wjAj 

«■ ^ SB14. 

°l A o V oil^1 ^ Vl'grq 7m S^f ^^i u o V V!^ 4** 6 cHi*l 3^ MKMS, «U-n- ^<>i »Vo]ri.% ulLHolsflol u.^ij 

t'l (Micro Mirror Array Projector). "WHii 0V^e].f- u]u1 (Micro Accel erom otor) , «»Vol.-ljl 4ol.^^5i.".(Mic 
ro Gyroscope). ^}o]c] oJ-^^|a| zy%z} a|a^ ( LOC (Laboratory On Chip), DNA^ -§-^1 4°<f«r4 

8i^. ovoi^a 05^!. "Mas t^J, 4oihm ^liH^t^sl 4°lHP. 4^1 Ml'MS<Hl ^--"H t- 5U4. 

VMg£?i jg:4 

°1«°1M1 f^^. 44 YH ^ VMg°U 4il^l. «^.5:E 5! «7|iH.5=.«F.n 7]^i?l ^-S-^ 911^1^1 i'lkH ^MrK*! 
^ AVfl. T vo.ji^ 7|Y!-4 h84-S- 2l*«IP-S ^ oj^. ^Ajofl 7|# ^^ai #eV3..i r o)5- -5?I^V o| -^^n 
fr^-'S °i>l nJ^oU -r^4 7)^9| n^\o] #f .".^4?!-fi- ^- $i5i4? 
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ff.fc. £ ufc^. tt?u|fe-£. #>Si*l H-8$=H #*!°l7l nflS-o]) -~7. »> *H>H| c)|6V 7|<*-«- 

i *i -8*1*1 *r SU-fi."!, ^^ms tI^-sh -!>e]sKk 
(57) ^j-Y-O-l Hj^l 

3¥H 1. 

■4#9\ A\\ Vi Hi U|3l#£ ^^bl-t- 
#7] Hi it*** q-gfltit Vbll; 

H'l \V4 ^cflElb H7| 71*21 *(2 ^! Hi H^Mifl slM-g- V+7fl; >il 

#y| m# *{z+u).A=ia ftH H7) 7|v!~S- fttf- *W*K? S.tfsj-H- 7l# VI* *W8. 

2. 

41 1 Hi #y| y| ¥ l<^ « Hi *7l| °l?H. #7| »)l '^<Hl 4 4 A ^ £- HHSH=- V" 

tl if-Sft- ^ S- ^^'P-.S SR> 7l# VM- *]4 , » , a. 

4| 1 Hi 5U»|A^ #7] y^.g. jq^. -MzJ-hI^ uV 7 |l o].y.o)| 
H7| 3.11^-2- 4;\%[\r t^ll; 

H?l 4Wt: \-V7ll; 'i! 

H'l H^ifS- 4|/|*|-fr VMIf; U] S.'g-Sl-b 3-^10.1: SRr y]# A HV! . 

=*J-7 *J- 4. 

"II 1 Hi Si<H^I. H7| sW-Z- -yeli? tf?!H 7|#'U-£ ^^j s|f ?iv! 2£ ^H'*!. 

H T 1 * 5. 

*D 1 ^ll -S-71 «]lfl-j-a O] o].fi. K^j, g^x.. 7)tV ^g. AI^Hj 

HY#6. 

i 1 Hi &<>M, *7l <?Kf.nHj.^<g^. ^.^j .0..% sj->t- 7)* 
3¥H" 7. 

41 1 Hi SW-H. ^v xl 7] ¥ j.. £ . M ?m <^ t V7i|b l)RIK(Decp Roar.tion Ion Kir.him.) Vli ?J*H t ^'^ v- 5)-S- 

Sft 71* i4§- Aj^nvuj 
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^7^8. 

#7] 4\ \i\si]; s . tfojj itf-aft -^^Vr tMI: 

#7| 41 .,H4 HvmivM;- y|Yi,^ 412 a H1 $y\ n\\ v!«q av 7] ei^.^^og cfl-g-sft- <8«!°] xj*^ oi 

V-tf 7l|Hj-3>b 4ll *]*M.<*-.=i :^]<a^ H^sVH V^ll; 
9. 

41 8 <?H sa^^l, A ^7| 7)#o| vhj ii)/|]A<S'>!^- ^SKr y+au:-, 
#7| yl^aj afl i av„|| ai?)-,.)./---, 4^ 

#7| 412 *}*Ms--H >4|«* 4|7lb+b #43. jtlWfc ate 7lv> a^- *|2t*ia. 

^-7-^ 10. 

41 9 #<H] flow. #7) a ,| 2 A, 4aViH ju^.o. ^Esii^Ae j^i ---^Ji* &!-£ ?lt>- 
H 7t 11. 

* o 81<h*i, ^1 ^12 3«n«ae- 412 »m 5! 412 s<t*<>i r 'i-?-<>i*! a* <■< * si 

12. 

^7^ 13. 
14. 

41 8 $H iM A 1, A „ l 7| 7] ^ Vl-y- t ttxfl 

#>i as- A in 44 ^. &E jt- *7i 4ii ^ 7]s! , b c W » rd v#sj . b ^ ^ 0i . ^ 

15. 
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Hi tH*** AYAZV-r: ^AWc t\ Jf_<#%kr 3!£ 8}H 7l# V! # 

i)-?^ 16. 

$-v-'# 17. 

H « #°H Sl ft l*l. A <M ^e)-£- v^?.^ ^l^'a-^-l ^iiii aVb /]¥!• 

^T i< * 18. 
37"^ 19. 

H « M 11 «J ££*r 4 13 oil-. $ flow. ^7) it^ui**fl* i^ijAR stb 7|# *1 

3 -7 *c) 20. 

H 8 81*1*1. #7] 7|#°- 4Wo}*r VMIb l)KIK(0eep Roacti.,,, Ion Rtching) ««H| i>-l3|| ^««Klb -3 
^ o. ii 5>^t 7| y| *| 'I "J ','! . 

H 8 »cH floW. #7| 7]^« ; v»-S- *l4*te ^7] e) ^MH! itfl-slfc # a q ,y 

^Vr 
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